L-S CATEGORY OF CLOSED MANIFOLDS (General and Geometric Topology and Related Topics) by 岩瀬, 則夫
TitleL-S CATEGORY OF CLOSED MANIFOLDS (General andGeometric Topology and Related Topics)
Author(s)岩瀬, 則夫
















$(\begin{array}{l}\Re \mathbb{R}J\triangleright-7*arrow 7\ovalbox{\tt\small REJECT}\end{array})$
Lie ffl,






[Ganea, 1971, ( 15 ) [10]]







cat(X) $={\rm Min}\{m\geq 0$
$\exists$ {U0, ..., $U_{m}$ ; open in $X$ }
$X=\cup U_{i},$ each $U_{i}$ is contractible$\underline{in}Xi=0m\}$
2.2 (Lusternik-Schnirelmann [21])
$M$ $C^{\infty}$ - cat(M)+l critical
points
2.1
gcat(X) R. H. Fox
Ganea
Cat(X)
gcat(X) $={\rm Min}\{m\geq 0$
$\exists$ {A0, ..., $A_{m}$ ; closed in $X$ }
$X=\cup i=0m_{A_{i},\mathrm{e}\mathrm{a}\mathrm{c}\mathrm{h}A_{i}\mathrm{i}\mathrm{S}\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{t}\mathrm{i}\mathrm{b}1\mathrm{e}}$
$\}$
Cat $(X)={\rm Min}$ { $m\geq 0|\exists${Y $(\simeq X)\}$ gcat $(Y)=m$ }
2.3(Ganea[9])
Cat $(X)-1\leq \mathrm{c}\mathrm{a}\mathrm{t}(X)$ $\leq$ Cat(X) $\leq g\mathrm{c}\mathrm{a}\mathrm{t}(X)$ .
2.4(Ganea [9]) $X$ CW { $h_{n}$ :




2.5 (Ganea [9]) Cone(X) $=\mathrm{C}\mathrm{a}\mathrm{t}(X)$.
2.6 (1) cat({*}) =0
71
(2) $\mathrm{c}\mathrm{a}\mathrm{t}(S^{n})=1$ cat(\Sigma V) \leq l
(3) $X$ $Y$ cat(X) $\geq \mathrm{c}\mathrm{a}\mathrm{t}(Y)$ $X$ $Y$
cat(X) $=\mathrm{c}\mathrm{a}\mathrm{t}(Y)$
(4) (Varadarajan[34], Hardie[11]) Fiboe $(E,p, B, F)$ cat $(E)+1\leq$
(cat(F)+l) $\cdot$ (cat(B)+l)
(5) (Fox $[\mathit{8}J$) cat $(X\cross Y)\leq \mathrm{c}\mathrm{a}\mathrm{t}(X)+\mathrm{c}\mathrm{a}\mathrm{t}(Y)$
(6) (Takens [30]) Cat(X $\cross$ Y) $\leq \mathrm{C}\mathrm{a}\mathrm{t}(X)+\mathrm{C}\mathrm{a}\mathrm{t}(Y)$
2.7 (1) $X$ =Sn: $S^{n-1}arrow\{*\}\llcorner$\rightarrow Sn, $\mathrm{C}\mathrm{a}\mathrm{t}(S^{n})=1$ .
(2) $X=\mathrm{F}$P$m$ : ( $\mathrm{F}=\mathbb{R}$ , $\mathbb{C}$ or $\mathbb{H}$ , $d=\dim \mathrm{F}$)
$S^{d-1}arrow\{*\}rightarrow S^{d}=\mathrm{F}P_{\ovalbox{\tt\small REJECT}}^{1}S^{2d-1}arrow \mathrm{F}P^{1}rightarrow \mathrm{F}P^{2}$ ,
$S^{md-1}arrow \mathrm{F}P^{m-1}\mathrm{c}arrow \mathrm{F}P^{m}$ , Cat $(\mathrm{F}P^{m})=m$ .
(3) $X=\mathrm{S}\mathrm{U}(3)$ : $\mathbb{C}$P$2arrow$ $\{*\}arrow S3$ $\bigcup_{7|3}e^{5}=\mathrm{S}\mathrm{U}(3)^{(5)}$ ,
$S^{7}arrow \mathrm{S}\mathrm{U}(3)^{(5)}\mathrm{c}arrow \mathrm{S}\mathrm{U}(3)$ , Cat(SU(3)) $=2$ .
(4) $X=$ Sp(2) : $S^{2}arrow\{*\}arrow S^{3}=\mathrm{S}\mathrm{p}(2)^{(3)}$ ,
$S^{6}arrow \mathrm{S}\mathrm{p}(2)^{(3)}\mathrm{c}arrow \mathrm{S}\mathrm{p}(2)^{(3)}\cup e^{7}=$ Sp(2)(7),
$S^{9}arrow$ Sp(2)(7) $\mathrm{c}arrow$ Sp(2), Cat(Sp(2)) $=3$ .
(5) $X=\mathrm{G}_{2}$ : $\mathbb{C}$P$2arrow$ $\{*\}arrowarrow S3$ $\bigcup_{\eta 3}e^{5}=\mathrm{G}_{2}^{(5)}$ ,
$(S^{5}\vee e^{7})arrow \mathrm{G}_{2}^{(5)}\mathrm{c}arrow \mathrm{G}_{2}^{(5)}\cup(e^{6}\vee e^{8})=\mathrm{G}_{2}^{(8)}$ ,
$(S^{8}\vee e^{10})arrow \mathrm{G}_{2}^{(8)}‘arrow \mathrm{G}_{2}^{(8)}\cup(e^{9}\vee e^{11})=\mathrm{G}_{2}^{(11)}$ ,
$(S^{13})arrow \mathrm{G}_{2}^{(11)}\sim f$ G2, Cat(G2)=4.
$M$ cat(M) $=\mathrm{C}\mathrm{a}\mathrm{t}(M)$ ?
[Eilenberg-Ganea [6]] $G$
?,
$\mathrm{c}\mathrm{d}(BG)\leq$ cat(BG) $\leq$ Cat(BG) $\leq \mathrm{g}\mathrm{d}(BG)$ .
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2.2
2.8 (Whitehead [35, 36])
wcat( ) $={\rm Min}\{m\geq 0$ $\triangle^{m+1}-..Xistrivial$
.
$arrow\wedge^{m+1}X\}$
$\prod^{m+1}X/\prod_{m}^{m+1}X=\wedge^{m+1}X$ (smash ) $X$
2.9 (Whitehead) (1) wcat(X)\leq cat(X)
(2) $h^{*}$ $\tilde{h}^{*}(X)$ $m$
0 wcat(X) $\geq m$ o
2.10 cup-length $\mathrm{c}(-)$ Chern class
cup(-) :
(1) $h$
cup(X; $h$ ) $={\rm Min}\{m\geq 0|\forall${u0, $\cdot$ .. , $u_{m}\in\tilde{h}^{*}(X)$ } $u_{0}\cdots\cdot u_{m}=0\}$
(2) cup(X) $={\rm Max}$ {cup(X; $h)|$ h: }
2.11 $h^{*}=H^{*}($ ; $R)$ cup(X; $h$ ) cup(X; $R$)
2.12 $h^{*}(-)$
(1) cup $(X;h)\leq$ cup $(X)\leq$ mat $(X)\leq$ cat $(X)\leq$ Cat (X).
(2) cup(X) $={\rm Min}\{m\geq 0$ $\triangle^{m+1}issta\sim$
bl
$yt7\dot{\tau}vXarrow i\wedge^{m+1}Xal\}$
2.13 (1) $\mathrm{c}$up(Sn; $R$) $=1=\mathrm{C}\mathrm{a}\mathrm{t}(S^{n}),$ $h$
(2) cup ($\mathbb{R}$P$m;\mathbb{Z}$) $=[ \frac{m}{2}]$ , cup $(\mathbb{R}\mathrm{P};\mathbb{Z}/2\mathbb{Z})=m=$ Cat $(\mathbb{R}\mathrm{P}^{m})$ .
(3) cup ( $\mathrm{L}^{n}$ (p); $R$) $=n<2n+1=\mathrm{C}\mathrm{a}\mathrm{t}(\mathrm{L}^{n}(p))_{f}p$ $R$
(4) cup $(\mathrm{S}\mathrm{U}(n);\mathbb{Z})=n-1=$ Cat $(\mathrm{S}\mathrm{U}(n))$ .
(5) cup $(\mathrm{G}_{2;}\mathbb{Z})=3<4=$ cup(G2 ; $\mathbb{Z}$/ $\mathbb{Z}$) $=$ Cat(G2).
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(6) cup(Sp(2); $R$ ) $=2<3=\mathrm{c}\mathrm{u}\mathrm{p}(\mathrm{S}\mathrm{p}(2); KO)=\mathrm{C}\mathrm{a}\mathrm{t}(\mathrm{S}\mathrm{p}(2))$, $R$
$KO$ $K$
(7) cup (Sp(3) ; $KO$ ) $=4<5=$ cup (Sp $(3)$ ) $=$ Cat (Sp (3)).
(8) $G=\mathrm{S}\mathrm{p}\mathrm{i}\mathrm{n}(\mathrm{n})$ , $(n\leq 8)$ , $G=\mathrm{S}\mathrm{O}(\mathrm{m})$ , $(m\leq 9)$ $G=\mathrm{P}\mathrm{U}(n),$ $(n\leq 5)$
cup(G; $\mathbb{Z}/2\mathbb{Z}$ ) $=\mathrm{C}\mathrm{a}\mathrm{t}(G)$
(9) $t>r>1$ $E$ $S^{t=1}$ $S^{r}$ cup(E) $=2\leq \mathrm{c}\mathrm{a}\mathrm{t}(E)$ $\leq$
Cat(E) \leq 3 cup(E) $=2<3=\mathrm{c}\mathrm{a}\mathrm{t}(E)$ $=\mathrm{C}\mathrm{a}\mathrm{t}(E)$ $E$
3 $A_{\infty}$ L-Scategory
$X$ $\hat{\Omega}X$ Stasheff A
$\{p_{m}^{\hat{\Omega}X}-. E^{m+1}(\hat{\Omega}X)arrow P^{m}(\hat{\Omega}X)\}$
$\hat{\Omega}X^{arrow}E^{2}(\hat{\Omega}X)rightarrow(**\iota\iota$ . $rightarrow E^{m}(\hat{\Omega}X)E^{m+1}(\hat{\Omega}X)***\iota\underline{\iota}\iota_{t}\mathrm{c}\mathrm{t}\cdotarrow E*|$“ $(\hat{\Omega}X)$
$\downarrow p\mathrm{P}X$ $\downarrow p9X$ $p_{m}^{\hat{\Omega}X}\downarrow$ $p_{m+1\downarrow}^{\hat{\Omega}\mathrm{Y}}$. $p_{\infty}^{\hat{\Omega}X}\downarrow$
$h_{X}$
$\{*\}arrow P^{1}(\hat{\Omega}X)rightarrow|$ $*P^{m-1}(\hat{\Omega}X)rightarrow P^{m}(\hat{\Omega}X)arrow(\cdotrightarrow P\infty(\hat{\Omega}X)arrow X\simeq$
3.1
(Stasheff[28])
3.2([9]or [13]) $X$ cat(X) $\leq m$ $P^{\infty}(\hat{\Omega}X)\supset$
$P^{m}(\hat{\Omega}X)$ $h^{X}$ : $Xarrow\simeq P$“ $(\hat{\Omega}X)$ (cat(X) $\leq m$
) $\sigma(X)$ : $Xarrow P^{m}(\hat{\Omega}X)$
Stasheff $A_{\infty}$-
3.3 ([13]) $X,$ $Y$ cat(X $\cross$ Y) $\leq m$ $h^{X}\cross h^{Y}$




3.4 Toomer $(e_{\vec{m}}^{\mathrm{Y}})_{*}$ : $h^{*}(X)arrow h^{*}$ ( $P^{m}$ (\Omega X))
\pi omer $\mathrm{e}()$
Adams $\mathrm{e}$ wgt $()$ :
(1) $h$
$i)\mathrm{w}\mathrm{g}\mathrm{t}(X;h)={\rm Min}\{m\geq 0|(e_{m}^{X})_{*}$ is a mono $\}$
$ii)$ Mcat(X ; $h$ ) $={\rm Min}$ { $m\geq 0|(e_{m}^{X})_{*}$ is a split mono of $h^{*}h- modules$ }
(2) $\prime i)\mathrm{w}\mathrm{g}\mathrm{t}(X)={\rm Max}$ {wgt(X; $h)|h$ }
$ii)$ Mcat(X) $={\rm Max}$ {Mcat(X: $h)|h$ }
3.5 :
cup $(X;h)\leq \mathrm{w}\mathrm{g}\mathrm{t}(X;h)\underline{<}$ #cat $(X;h)\leq \mathrm{c}\mathrm{a}\mathrm{t}(X)$ .
Rudyak Strom Fadell-Husseini [7] category weight
L-S
:
3.6 (Rudyak [24, 25], Strom [29]) $u\in\tilde{h}^{*}(X)$ (h#
)
$\mathrm{w}\mathrm{g}\mathrm{t}(u;h)={\rm Min}\{m\geq 0|(e_{m}^{X})_{*}(u)\neq 0\}$
3.7 (Rudyak [24, 25], Strom [29]) $h$
$\mathrm{w}\mathrm{g}\mathrm{t}(X;h)={\rm Max}\{\mathrm{w}\mathrm{g}\mathrm{t}(u;h)|u\in\tilde{h}^{*}(X)\}$
(1) $\mathrm{w}$gt $(u;h)+\mathrm{w}\mathrm{g}\mathrm{t}(v;h)\leq \mathrm{w}\mathrm{g}\mathrm{t}(uv,\cdot h)$ \leq
(2) $\min$ {wgt $(u;h),$ $\mathrm{w}\mathrm{g}\mathrm{t}(v;h)$ } $\leq \mathrm{w}\mathrm{g}\mathrm{t}(u+v;h)$
(3) $f$ : $Yarrow X$ $\mathrm{w}\mathrm{g}\mathrm{t}(u;h)\leq \mathrm{w}\mathrm{g}\mathrm{t}(f^{*}(u);h)$
3.8(Rudyak[25])
ytat $(X)={\rm Min}\{m\geq 0|\exists(stabl\prime y)\sigma:Xarrow Pm(C\mathit{7}IX)e_{nl}^{X}\circ\sigma\sim 1_{X}\}$ .
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3.9 Rudyak [$\mathit{2}\mathit{5}J$
cup $(X)\leq \mathrm{w}\mathrm{g}\mathrm{t}(X)=$ #cat $(X)=r\mathrm{c}\mathrm{a}\mathrm{t}(X)\leq \mathrm{c}\mathrm{a}\mathrm{t}(X)$ .
3.2 ( Hopf )
Berstein-Hilton [1] Hopf ( $s$ di-
agonal map fat wedge ) :
$H_{m}^{s}$ : $\pi_{q}(X;A)arrow\pi_{q+1}(\prod(X),\mathrm{T}(X);A)m+1m+1$ , $q\geq 1$
$m+1\mathrm{T}(X)$
$X$ $m+1$ fat wedge
cat(X) $\leq m$
3.10 ( Hopf )
1) cat(X) $\leq m$ $X$ $\Sigma V$
$H_{m}$ : $[\Sigma V, X]arrow 2^{[\Sigma V,E^{m+1}(\hat{\Omega}X)]}$ ,
$H_{m}(f)=\{H_{m}^{\sigma(X)}(f)$ $|\sigma(X)$ cat(X) $=m$ }
$\subset[\Sigma V, E^{m+1}(\Omega X)]$ for $f\in[\Sigma V, X]$ .
2) $\Sigma^{\infty}$
$H_{m}$ : $[\Sigma V, X]$ H $2^{[\Sigma V,E^{rn+1}(\hat{\Omega}X)]}2^{\sum_{arrow}}\infty*2^{\{\Sigma V,E^{tn+1}(\hat{\Omega}X)\}}$
$\mathcal{H}_{m}(f)=\{H_{m}^{\sigma(X)}(f)=\Sigma^{\infty}H_{m}^{\sigma(X)}(f)|_{\text{ ^{}\backslash }\text{ }\mathrm{f}\ovalbox{\tt\small REJECT}}^{\sigma(X)\#\mathrm{h}}$
cat(X) $=m$ }
$\subset\{\Sigma V, E^{m+1}(\Omega X)\}$ for $f\in[\Sigma V, X]$
3) crude
$\overline{H}_{m}$ : [ $\Sigma$V, $X$ ] $arrow 2^{[\Sigma V,E^{m+1}(\hat{\Omega}X)]}H_{m}arrow 2^{[\Sigma^{2}V,\Sigma E^{m+1}(\hat{\Omega}X)]}$
$arrow 2$ [
$\Sigma^{2}V,\Sigma\hat{\Omega}$X $\Lambda$ ... $\Lambda\Sigma\hat{\Omega}X$ ] $arrow 2$ [ $\Sigma^{2}V$,X $\Lambda$ ... $\Lambda$X].
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4) crude
$\overline{H}_{m}$ : $[\Sigma V, X]arrow 2^{[\Sigma VX\Lambda\cdots \mathrm{A}X]}\overline{H}_{m}2,arrow 2^{\{\Sigma VX\mathrm{A}\cdots\Lambda X\}}2,$ .
3.11([14]) $\Sigma V$ $X$ $(d-1)$- $(d\geq 2)$ cat(X)=m
$W=X \bigcup_{f}C(\Sigma V)(f-\Sigma Varrow X)$
(1) cat(W)=cat(X)if $H_{m}(f)\mathrm{a}.0$ .
(2) $\dim X\leq d^{l}$ cat(X)+d-2 $(d\geq 1)$
cat(W)=cat(X)+l if $H_{m}(f)\geq 0$ .
3.12 ([14]) cat(W) $=$ cat(X)+l
0) $\mathrm{c}\mathrm{a}$t(W $\cross Sn$ ) $=\mathrm{c}\mathrm{a}\mathrm{t}(W)$ if $\Sigma_{*}nHm(f)$ a0 $\cdot$
(2) $\dim X\leq d^{\mathrm{I}}$ cat(X)+d-2 $(d\geq 1)$
. cat $(\mathrm{W}\cross S^{n})=\mathrm{c}\mathrm{a}\mathrm{t}(W)+1$ ’if \Sigma n*+lH\uparrow (f)70 $\cdot$
$3\cdot 12\cdot 1$ $W=X\cup fC(\Sigma V)$ (f: $\Sigma Varrow X$) mX \leq dcat(X)+d-2
$(n\geq 1)$
(1) $\mathrm{c}\mathrm{a}\mathrm{t}(W\cross S^{n})=\mathrm{c}\mathrm{a}\mathrm{t}(\mathrm{W})+1$ $n\geq 1$
(2) $\ulcorner H_{m}(f)\geq 0\lrcorner$ # lHm(f)\not\supset O
3.13 ([13]) $S^{15}$ HOpf (Toda $[\mathit{3}\mathit{1}J$) $[\iota_{15}, \iota_{15}]\neq 0$
$\text{ }$
$Q=S^{8}\cup\sigma_{8^{\mathrm{O}}}[\iota_{15},\iota_{15}]e$
30 cat $(Q\cross S^{n})=\mathrm{c}\mathrm{a}\mathrm{t}(Q)=2(\forall n\geq 1)$
Vandembroucq, Stanley
4 4( $\mathrm{L}\mathrm{S}$ cat)
$F_{J}$ $S^{q+1}$ k- Sr- $(r\geq \mathrm{I}\dot, q\geq 1)$ $E$ $E \simeq s^{r}\bigcup_{\alpha}e^{q+1}\cup\psi e^{q+r+1}$’
CW
4.1 $(\alpha=1s^{\mathrm{r}}.)$ cat(Q) $=0$ &cat(E) $=1$ .
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$4\cdot 2$ $(\alpha\neq 1s^{\Gamma}\ H_{1}(\alpha)=0)$ cat(Q)=l &cat(E) $=2$ ,
4.3 ( $H_{1}(\alpha)\neq 0$ [14, 15])
[$\Sigma rH_{1}(\alpha)=0$ ] cat(Q)=2 $\mathrm{i}$ cat(E) $=2$ .
[ $\Sigma rH_{1}(\alpha)\neq 0$ ] cat(Q)=2 $\mathrm{f}$ycat(E)=3 $\cdot$
:
(1) $\{$
$\Sigma n$H1 $(\alpha)=0\Rightarrow \mathrm{c}\mathrm{a}\mathrm{t}(Q\cross S^{n})=2$ ,
$\Sigma n$f1H1 $(\alpha)\neq 0\Rightarrow \mathrm{c}\mathrm{a}\mathrm{t}(Q\cross S^{n})=3$ . (2)
$\{$
$\Sigma^{r+n}H_{1}(\alpha)=0\Rightarrow \mathrm{c}\mathrm{a}\mathrm{t}(E\cross S^{n})=3$,
$\Sigma r$ fn-1 $1h_{2}(\alpha)\neq 0\Rightarrow \mathrm{c}\mathrm{a}\mathrm{t}(E\cross S^{n})=4$.
5 2
$p$ $\alpha_{1}(3)-.S^{2p}arrow S^{3}$ cO-H $\alpha_{9,\sim}(3)-$. $S^{4p-2}arrow$
$S^{3}$ $H_{1}(\alpha_{2}(3))=x\alpha_{1}(2p+1),$ $x$ \neq O (Toda [32])




$M_{p} \simeq S^{2}\cup\alpha e^{6^{p}-4}\bigcup_{\psi(\beta)}e^{6^{p}-2}$ , $\alpha=\eta$2 $\text{ }\beta$ .
78




5.1 : $\Lambda I_{p}$, $p\geq 5$ Toda
$H_{1}(\alpha)=\alpha_{1}(3)\circ\alpha_{2}(2p)\neq 0,$ $\Sigma^{1}(\alpha_{1}(3)^{\text{ }}\alpha_{2}(2p))\neq 0$ but
$\Sigma^{2}(\alpha_{1(\mathrm{s})0}\alpha_{2}(2^{p}))\in\pi$6p-3(S5)(p) $=0$ .
4.3 $\mathrm{c}\mathrm{a}\mathrm{t}(S^{2}\cup\alpha e^{6^{p}-4})=2$ cat $(M_{p})$ $=2$
$N_{p}=M_{p}$
5.2 ([14]) $M$ cat $(M\cross S^{n})=\mathrm{c}\mathrm{a}\mathrm{t}(M)$ $n\geq 2$
Ganea ( 2)
5.2 .$\cdot$ $M=M_{3}$ $p=3$ Toda
$H_{1}(\alpha)=\alpha_{1}(3)\circ\alpha_{2}(6)\neq 0,$ $\Sigma^{3}(\alpha_{1}(3)^{\text{ }}\alpha_{2}(6))\neq 0$ but
$\Sigma^{4}(\alpha_{1}(3)\circ\alpha_{2}(6))=0$ in $\pi$17(S$7_{)_{(3)}=\mathbb{Z}}$/3$\mathbb{Z}$ .
4.3 3.12 cat(M) =3 cat(M $\cross$ \epsilon ) =cat(M) $=3$ $n\geq 2$
$5\cdot 3$ $M_{3}$ $\mathrm{c}\mathrm{a}\mathrm{t}(M_{3}\cross S^{2})=\mathrm{c}\mathrm{a}\mathrm{t}(M_{3}\cup((S^{2}\cup e^{14})\cross S^{2}))=3$ $N=M_{3}\cross S^{2}$
cat(N) $=\mathrm{c}\mathrm{a}\mathrm{t}(N\backslash \{*\}),$ $*\epsilon$ $N$
5.4 Toda bracket $p\geq 5$ Ganea
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6 1 (Lie L-S ) (Mimura-NishimotO-I)
6.1 $Garrow Earrow\Sigma pA$ $G$ fi$bre$ cofibre
$K_{i}(G)\rho_{i}arrow F_{i-1}(G)\mathrm{c}arrow F_{i}(G),$ $(1\leq i\leq m)$ $k(\mathrm{I}\leq k\leq m)$ Cat(E)
$\leq m\dagger k$
(1) $F_{0}(G)=\{*\},$ $F_{m}(G)\simeq G$ .
(2) $G$ $F_{i}(G)\cross Fj(G)\subseteq F_{m}(G)\cross F_{m}$ (G) $\underline{\sim}G\cross Garrow G$
$F_{i+j}$ (G) $(i\geq k, j\geq 0)$
(3) $\alpha$ : $Aarrow G$ $F_{k-1}$ $(G)$ $(k\geq m)$
compact Lie L-S upper bound
Lie
6.2 $Farrow Xarrow B$ $G$ fiboe $B$ $(d-1)-$
$(d\geq 1)$ cofibre $K_{i}(G)\rho_{l}arrow F_{i-1}.(G)\mathrm{L}arrow F_{i}$ (G),
$(1 \leq i\leq m)$ Cat(E) $\leq m+\frac{\dim B}{d}$
(1) $F_{0}(G)=\{*\},$ $F_{m}(G)\simeq G$ .
(2) $F_{i}(G)\cross Fj(G)\subseteq F_{m}(G)\cross F_{m}(G)\simeq G\cross Garrow G$ $F_{i}+j$ (G) $(i\geq k$ ,
$j\geq 0)$




Kadzisa [20] $SU$ (n) cone-decomposition
:




1 2 3 4 $n\geq 5$
$\mathrm{S}\mathrm{U}(2)$ 1 $\mathrm{S}\mathrm{U}(3)$ $2$ $\mathrm{S}\mathrm{U}(4)$ 3 $\mathrm{S}\mathrm{U}(5)$ 4 $\mathrm{S}\mathrm{U}(7+1)$ $n$,
$A$ .
$\mathrm{P}\mathrm{U}(\underline{9})$ $3$ PU(3) 6 PU(4) 9 PU(5) $1\underline{9}$ PU(.+1) $\leq 3^{\gamma}$
Spin(3) 1Spin(5) 3 $\mathrm{S}\mathrm{p}\mathrm{i}$ $(7)$ 5 $\mathrm{S}\mathrm{p}\mathrm{i}$ $(9)$ ? Spin$(2 +1)$ ..
$B$
SO(3) 3SO(5) 8SO(7) 11 SO(9) 20 SO $(2 +1)$ ?
$C$,
$\mathrm{S}^{\mathrm{p}}(1)$ 1 $\mathrm{S}^{\mathrm{p}}(2)$ 3 $\mathrm{S}^{\mathrm{p}}(3)$ 5 $\mathrm{S}^{\mathrm{p}}(4)$ 7. $\mathrm{s}^{\mathrm{p}}()$
$?7$
.
$\mathrm{P}\mathrm{S}\mathrm{P}(1)$ 3 $\mathrm{P}\mathrm{S}\mathrm{p}(2)$ 8 $\mathrm{P}\mathrm{S}\mathrm{p}(3)$ ? $\mathrm{P}\mathrm{S}\mathrm{p}(4\overline{)}$ ? $\mathrm{P}\mathrm{S}\mathrm{p}(-$. $)$
Spin(6) 3 Spin(8) 6 Spin(2n) ?
$D_{n}$ SO(6) 9SO(8) 12 SO(2n) ?
$\mathrm{P}\mathrm{O}(6)$ 9 $\mathrm{P}\mathrm{O}(8)$ 18 $\mathrm{P}\mathrm{O}(2)$ ?
$\rfloor|$ $G_{2}$ 4 $F_{4}$ ? $E_{n}$ ?
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